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Abstract

Expanded Uses of Granulated Blast-Furnace Slag as Fine Aggregate

for Precast Concrete Products

Ryota Hashimoto

Abstract

In the Japanese construction industry, a decrease in the number of young engineers and a large
number of skilled engineers leaving the workforce has led to a shortage of human resources, which is
expected to only accelerate in the future. In addition, the aging of infrastructure that was intensively
developed during a period of rapid economic growth and its maintenance have become significant
issues. Thus, the Japanese construction industry is currently facing serious challenges for the
improvement of productivity on construction sites and the extension of the service life of structures.

In 2016, the Ministry of Land, Infrastructure, Transport and Tourism (MLIT) promoted “i-
Construction,” which aims to improve productivity on construction sites. i-Construction includes the
use of precast concrete (PCa) products for the “introduction of overall optimization (standardization
of concrete work standards, etc.).” As a result, the application of PCa products to structures in practice
has been gaining momentum in the Japanese construction industry.

Granulated blast-furnace slag, a by-product of pig-iron production at steel mills, is a raw material
for granulated blast-furnace slag fine powder (GGBS), which is used as a cement mixing material and
concrete admixture, and for granulated blast-furnace slag sand (BFS), which is used as fine aggregate
for concrete. Granulated blast-furnace slag is a glassy material and has a latent hydraulicity under an
alkali environment. It has been recognized that concrete using GGBS and/or BFS is superior to
concrete using general fine aggregates in terms of long-term strength and durability, because the latent
hydraulicity by GGBS and/or BFS can densify the composition of the cement paste and interfaces in
concrete. Although both GGBS and BFS are specified in the Japanese Industry Standards (JIS), GGBS
(for cement use) accounts for more than 90% of all applications of granulated blast-furnace slag, while
BEFS accounts for less than 10%.

In 2017, the Japan Society of Civil Engineers (JSCE) Concrete Committee established the
“Research Committee on Precast Concrete Members Using Blast-Furnace Slag Sand for SIP” in
response to the department’s “Infrastructure, Maintenance, Renovation, and Management
Technologies” project in the Strategic Innovation Promotion Program (SIP) led by the Cabinet Office.
The committee discussed design, manufacture, and construction methods for applying BFS to fine
aggregate in PCa products, and the results of its activities were compiled into the “Guideline on Design,

Manufacture and Construction Methods of Precast Concrete with Blast-Furnace Slag Sand” in 2019.
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Abstract

As discussed below, the implementation of PCa products with BFS is being actively researched.
However, these studies focus mainly on deterioration phenomena in concrete, such as by freeze—thaw
cycles, sulfate acid attack, chloride penetration, and drying/self-shrinkage, while there have been few
studies on the mechanical properties and durability of concrete using BFS (BFS concrete) from the
viewpoint of crack resistance. In addition, although expansion in concrete due to delayed ettringite
formation (DEF) has recently received attention as a hazard for PCa products, reports considered about
effects of BES in DEF are still extremely limited. Moreover, in the quality evaluation tests prescribed
as JSCE standards to confirm the reactivity of BFS, the labor and cost required for testing,
reproducibility of test results, and excessive bleeding caused by use of BFS prevent the wide adoption
of BFS in concrete.

The use of BFS concrete in PCa products can have a huge benefit to society because it can bring
about improvements to productivity on construction sites, extension of service life of structures,
reduced use of natural aggregate, reduction of construction waste, and reduction of CO emissions. In
the present study, regarding the diffusion of PCa products with BFS, the main objectives are to resolve
technical issues, discover new added values such as crack autonomic healing, and collection of data
on concrete using BFS manufactured at steel mills in Germany for the overseas deployment of BFS.

The outline of this paper is as follows.

Section 1 Introduction

This section discusses the improvement of productivity on construction sites and extension of
service life of structures, which have become issues in the Japanese construction industry. PCa
products promoted in i-Construction by MLIT and PCa products with BFS as considered by the JSCE
Concrete Committee are also introduced. Based on these topics, the objectives of this study are present

and the structures and of each section of this study are outlined.

Section 2 Crack Resistance of Concrete Using Granulated Blast-Furnace Slag Sand
Crack resistance of BFS concrete is experimentally investigated. Focusing on fracture energy under
flexural stress and on nucleation and propagation energy under compressive stress, in this section, tests
on the compressive strength, static modulus of elasticity, three-point flexural loading, and compressive
cyclic loading are carried out. The results reveal that BFS concrete has superior crack resistance with
high fracture energy and lower nucleation and propagation energy, especially in the high-strength

(high-stress) range of long-term material ages.

Section 3 Expansion Resistance due to Delayed Ettringite Formation in Mortar Using
Granulated Blast-Furnace Slag Sand

The DEF resistance of mortar using BFS (BFS mortar) is evaluated. BFS mortar is prepared under
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conditions facilitating DEF and the influence of DEF on the expansion behavior and strength of BFS
mortar are investigated. Tests of the length/mass change and flexural/compressive strength are carried
out. In addition, X-ray diffraction (XRD) analysis and scanning electron microscopy (SEM)
observations inside the mortar are conducted at prescribed material ages. Results show that BFS mortar,
even under conditions facilitating DEF, can suppress its expansion and mass increase and can maintain
its strength at material ages of 28 days and 91 days. According to SEM observation, there is no
abnormal deformation caused by DEF inside the BFS mortar. These facts indicate that BFS mortar has
superior resistance against deterioration due to DEF. On the other hand, regardless of the mortar type
and whether conditions facilitate DEF or not, ettringite, which is cause of DEF, is identified in all
mortars in the XRD analysis. Thus, the mechanism behind the occurrence of DEF and the reason that

BEFS has superior DEF resistance must be clarified in detail in future research.

Section 4 Autonomic Healing of Cracks in Mortar Using Granulated Blast—Furnace
Slag Sand

In order to discover new features of BFS, the autonomic crack-healing property of BFS mortar is
considered. A water flow test is conducted using mortar specimens with cracks created in advance
under three re-curing conditions (in air, in water, and in a saturated calcium-hydroxide solution) and
the change in the amount of water from the cracks in the mortars is measured. A mortar using crushed
sand (CS mortar) is used for comparison. The results show the cracks in the BFS mortar and the CS
mortar are closed when re-cured in water and in the saturated calcium-hydroxide solution. The amount
of flow in BFS mortar decreases more than that of CS mortar at the initial phase during the re-curing
period when re-cured in the saturated calcium-hydroxide solution. It is also indicated that, in the BFS
mortar, even cracks more than 0.4 mm in width can be closed by re-curing in water or in a saturated

calcium-hydroxide solution.

Section 5 Improvement of Test Methods for Labor Saving on Quality Evaluation Tests
of Granulated Blast-Furnace Slag Sand

In JSCE-C 507-2018 and JSCE-C 508-2018, quality evaluation tests are prescribed to confirm the
reactivity of BFS. Attempted improvements are made by investigating the influence of the test methods
on the results by using design of experiments (DOE). It is shown that the significant and insignificant
factors are statistically discriminated and that, by modifying some of the test methods, labor reductions
in the quality evaluation tests of BFS can be achieved while maintaining the reproductivity of the test

results.
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Section 6 Effects of Limestone Powder on Bleeding and Strength of Early-Age Mortar
Using Granulated Blast-Furnace Slag Sand from Germany

There are few examples of the application of BFS to concrete overseas, so in the future it is
necessary to collect basic data on the overseas use of PCa products with BFS. In this study, in mortar
using BFS from Germany, the suppression of bleeding and increase in strength at the early age due to
the use of limestone powder (LSP) are considered. BFS mortar incorporating LSP as part of the fine
aggregate is prepared and tests of flow, bleeding, and flexural/compressive strength are carried out. In
addition, a self-shrinkage test for 24 hours after mixing and a sulfuric acid attack test for 50 days after
a material age of 28 days are conducted. As a result, segregation and much bleeding in BFS mortar
occurred when the water-to-cement ratio is larger can be suppressed by incorporating LSP.
Furthermore, the LSP yielded an increase in strength of early-age BFS mortar depending on the water-
to-cement ratio and cement type. Moreover, when the water-to-cement ratio is smaller, the amount of
self-shrinkage in BFS mortar decreases with an increase in the replacement rate of LSP. In contrast,

LSP has no effect on the sulfuric acid attack resistance of BFS mortar.
Section 7 Conclusions

In conclusion, the results obtained in Sections 2 to 6 are summarized and future avenues of research

are described.
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CERIERHLCWE, F7, RHEELEE— FoRBGRAER2—1 O X 5 ICHHAL, MR
HOFMERESKE T EWIEZ AL F =0T 2 2 & 2MEL T3,
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BH2D%, BES ZHW/=EAL XL (BFS EAZL) L) ERWZELZALICET S
FIEHN T OB AL F -8 X OEMIGH FOOVENER T AL F—2H 7. Z o
B, BFS L 2 V)b EAWEZELZAL LD SEFICH FTOMEI AL X —23K& {, £
I T OO UOEINER T AL F =N ko722 & H 6, BFS £ X0 O UEINK
PEREW EEHEL TV,

L2, BFSav 27 ) —rEJiibzHWEZay 27 ) — Mk 2EMHEICT T OO UE
NERZANVF -2 L7z, ZOfER, BFSa2 v 27 ) — M3 EzHWza v 7Y
— P XV QFEMEH T OO VEINER T AL F —2UNE , X 5 ICHR LEE 0B@fE T2
V7Y = bDUOUPEINCERICGHEIN I ZANVNF—D/NI ozl h b, BFS a2V
7 ) — FOUVUEINET MRS G L ZREL T 5,

FEICIR R TIIZE L Y, BFS 2 v 2 ) — 3R MEM EHwZa Yy 2 ) — ¢
0D OVERPUEICENS Z ERB IS, —J7, BFS 2 v 27 ) — b @ O UEIIKHT
PEIC DWW THRZZMICIZRERTH 2 72, BFS DFERLIC X 2 BFS 227 ) — b iC
BUILEHEIANLFE— & NERFEOBERICOWTHEASZ T -2 DERBPIETI NS,

2.3 EEBHME

2.3.1 {ERAMH

KEBRCHEH L 72 X OZEYIERIR2—1 0l ) TH 5. AV TR, HEEL
FZ Vv REeX Y bERAGE MIEMICE, JISAS011-129D X3 BT 5 5~0.3 mm & A
7 7#iEM (BFS-a), 2.5mm &R 7 ZHlEM (BFS-b), 5Smm &t R 7 7#lE# (BFS-
c) BIXUHEM L L CRAILWEZHKRCTH W, MEMOREI M ZR 2—2 13, HE
Mz, JISAS0012109D X3 icEF 5 820 (55) & S-13 (65) M1 1Ic7L v
L CTHwWw.

BFS-a, BFS-b & X U8 BFS-c DL FPMEICBI L € X Bbr 217> 72. & 2—2 1C XRF f53
CIEEE AT Lo, HEE IR, XREBRL VGO EHBICE ST ToR (2—
D »LHEH L. wWIFho BFS b Ca0 & Si0, % Elis &+ 2L EkTch v, zhth
DFFLFE X 1.85~1.98 L 7o 72, 7nd, JISA6206¥'DCi, BFS & FRIZNE U EF 2 7 7'
¥R (GGBS) DIGHLEEICOWT 1.60 L EEHETN T3,

_ Ca0+Al,03+Mgo
Si0,

b

2—1)

TZC, bIFHEE Ca0: WL ANT T LEBREDOEG (%), ALOs: BRILT V=T LG
HFRBOHEE (%), MO : Wt~ 2> v 28 HBOEE (%), Sio,: ity 41 EZE5FE
DEE (%) TH3.
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K21 FERAMMEIUVEEDNE

M i
EERILESUREADE HE : 3.16 g/em®, EFRMEE : 3340 cm?/g
BFSea REFE 272 g/em?, WKE : 1.80%,
EREE : 57.3%, FKE 323
BFS.b REFE - 2.68 g/em?®, WKE : 0.61%,
EFEE : 58.3%, FKIE : 2.37
BFS.c REZE - 2.77 g/em®, WIKE : 0.55%,
EREE : 58.1%, FFIZE : 2.58
B (LI RELZE - 2.58 g/em?®, /KE : 1.22%,

EFEE : 63.1%, HHAIFE 255

REFE - 3.01 g/em®, TKE : 0.68%,

A (due : 20 mm) -
EFREE : 56.6%, HEIFE : 751

REFE - 3.06 g/em®, TKE : 0.81%,

A (due : 13 mm) -
EFREE : 56.5%, HHEE : 6.50

100 — - .
ot T
80 | g
L 70t
b 60 |
ﬁ 50 |
i} w0 /S0 L7 | T EARENE (LR)
w - SS S| BEE (FR)
% 30 —0—BFS a
20t ——BFS b
—O—BFS ¢
0 L
0 1 1 1 1 1
0.15 0.3 06 1.2 25 5 10

S BVORFEUSTE (mm)

2—2 HWEMOHMES

#&2—2 BFS-a, BFS-b &5 & U BFS-c M XRF fER B L VIEEE

LR (%) IREE
HyoIIL :
CaO SiO; ALOs MgO Z D | Ig. Loss b
BFS-a 45.21 33.83 12.70 4.76 2.99 0.51 1.85
BFS-b 43.56 32.42 14.13 6.08 3.61 0.02 1.97
BFS-c 45.59 32.62 14.23 4.59 2.67 0.03 1.98
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2.3.2 a9 )—b+bDERE

AEBCHRHLEZavy 2 ) —roldEBLUO 7Ly 2t (77 (SL), ZEXE)
IR 2-3 DY TH L. MBEMOENICXVEH4FEEHOa Yy 7 ) - 2BEL 2, Kte A
v M (W/C) 1% BFS & V272 PCa LS OIFHERL G 210 % HHE L L C 36%ICEE L, AME
ME (sha) 13 2% e Lz BAANCIE, S1EEE AE ok#F (SP) & i4iE#Hl (DF) %
w72, SP %, BFS 2 v 27 U — MICHKY ALK VvETZ —F L RLEY & Bkt s 1 bd
VoEEE, RARLWEHWZay27)—F Navy 2 —F) KRV ALKV BL—-T L
e T, B, EEa v 7)) — BT3RS Y 7OEANED 1.5cm~5.5¢cm &
INEDTH o728, Wihoayv 7 ) — b biffbkosEhaoRR 222 EH S 1T, il
RO TN BT I 0> 5 Tz,

£2-3 a VO Y—FrDEBEEEELVIL Yy atEE

s JEFNA
HEX | WC | s/a SL TERE

Ba (kg/m?) (*C%)

FE5E (%) | (%) (cm) (%)
W C S Gl | G2 | SP | DF
Ba BFS-a 759 0.6 | 04 3.0 4.4
Bb BFS-b 748 0.7 | 08 5.5 1.4
36 42 | 155 | 431 579 | 589

Be BFS-c 773 1.0 | 02 5.5 4.0
N TIE:) 720 1.2 | 06 1.5 4.4

%DF : 100 fEF R THEA

2.3.3 #EADER

av 7 ) —rOMIEFICIZay 2 ) — FPHASAVEII XS 2HEHL, R2-3DFIHTIT-
7. avz)—tobkiE, XV b EHIEM, SP AY DK, HEMOIEFCEAL 7.
HURERENE, FH4oMeE L7z, £/, IFFHNoMe 7L —FNicavy 2z ) — &1
Bl 272000, AR IR BIEHY 21T 572,

JFEAf R B, S R AR 5 X O HEOR LB v 2 ik e LT, @75
mmx150 mm O P ZFR L 72, = sl S slimic v 2 50Uk L LT, 100 mmx100
mmx400 mm D AHEZER L 72, #IV R332 Y — b 2 & A0SR T H A
B, JeEfE GUER) cMMZ 285 mE, A28 40 MO EED 21T 72, &8 D2 »
%, THIHBRAL T =2 ChiB® 2T o 7. fTRRmEH L 2%, k% 200CoEN
ICHEHE L, BH (24 R BB L2, BB L 72 a1, ATE oM £ T 20°C ok H
ICCTEE L.
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2.3.4 EHEERES & UFEERIEGER

JEAEsEREE AR 3 JIS A 110821, FPEIREGER L JIS A 1149 ICHERL L, TRl 133 4T
LCEMLZ., &Eay s ) — s oitilhkz 3 RFToM, Ml 28 HE 91 H Tl
& U 7z, fEl o BT H I, BEEA o M & TE I L 7z, R i3, TR (%
B 11000 kN) % 7z, REREF O SR X, JIS A 110820 HE (0.6=0.4 N/mm¥/sec)
DWW T 1LON/mm¥sec ICFXIE L 72, EHMEREZHIE T 27201, DT AT =Y (B&:
60 mm) 2 K& BEEA ik oMl ic, T IR e 72 B X I L 7.

2.3.5 =ZRBIFEEHRER (BEIRILE—)

BT AN ¥ —13, BAHED 720 O, Tk, 5IRISNZEUGEL WO UHINEZ
BT 2720 E T 224 VF—LERINDS., av 27 ) —OBIENFICE T 557 4
—Z2D—>TH b, FIEWA LR E L bica vy 2 ) — FoMEMREEE L<ibns b
D%, BIEI AAF -2 5L, 2v 2 ) — 0O UEINZEE) 2 Bl IciEz 3
EOHEEL T B, i, REBRTIIBHET AL X — %25 BRIC X Yk 223, EARFEHIRE
TEUTOMRUERX (2—2) 29ick kv b TE 3.

Gr = 10(dma)? - f'3 (2—2)

c

ZZT, Gri I ANF — (Nm), due : M OBATE (mm), fo: FEREERE O R
fill (EXEHEYMEFRE) (N/mm?) TH 3.
= AT R ER 1E, JCI-S-001-2003210ICHEML L CTHEMEL 72, Kz v 2 Y — BT
Az 4~5 KO, Ml 28 HE 91 HTHIE L 7. wRloFERFTHIC, fhalAkhi
(SI5RMED )Rk E (F: 3mm, X :30mm) 2EALLZ (BE2-1). Rz, K
BHRERBHE (=2 77) AV, R ER2—4 DX 51y P Lz, #fEmH off
HE-FAOZA, (CMOD) Wi iiiks 27201, MillkotIREicz Y v 77— (K&
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FHE2-1 #EAKCBALLYRE

ORE

Ad ] #:3m
® =30 mm —0 BE 30 mm

S=3D >

= g

2—4 =ZmiifEEEHBROEY b7 VT

S5mm) ZEHL, LAFIv TV TR NLTA— I 7R L B2-513, R
X VRSN B ME—-CMOD oS <H 2. ERKF O #REEE (X, CMOD D& fkic
WG LT 0.1 mm/min ICERE L7-. @i 22— b 380, HEA L U o B 250 &
BRVEXHIE, FL®DIbEFEFIEIE L, KELLE A THIFIEICY ) B2 72 &K
HICTHTEE DS O KN IS 78 o 7= W CHfT 2 2 b v 7 L7, RERDK TR, Bl L 28tk Y
AV (BE 2—-2) oE3LigzestillL, VAAXA Y PHEHEEZ RO b7 —%
Zhi, EIAALF—2UToR 2-3), X 2—4) X VEHRL 7.

GF:W (2—3)

Alig
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i
1o

w, =075 (Sm, + 2m2) g-CMOD, (2—4)

TZT, GrBIEZANLF— (N/mm), W : AN 3 2 % TOfE — CMOD HifR T
OME (N-mm), w;: fillko AEE X OEABES 2 3HHE (N-mm), Ayt VFTAY
M (mm?), mc HEEOEE (kg), SR (mm), L: KO 2R (mm),
my: WHREOHE (kg), g EIMGEE (9.807 m/s?), CMODc : Wi O BAINZE A7 (mm)
TH 5.

wE

HEL A DR

CMOD,

N

FAEZ 4L (CMOD)

2—5 7 E—CMOD R D= E

UHADRE
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2.3.6 EfMERRLUEEHRER (VUENERIRILEY—)

X 2—6 iICHfT PR OY A 7 rick B2 a v 7 ) — bOJEMEIC S — 0T iRz R T, [FH
BlcBIL <, MHES 27, RO L) I v ¥ —oshilz &t L 7. K+ D OABED
THENZZEBEIZ, S Bmior 4 2rTcay s ) — itk L3803 F—, 20
FTAHRIANF—ETHSD. ZDHH, OABCD THlZNZHEIZ, 227 ) — o0 UERN
ERPERICGHEIN S Z AV X —, BRI ANV T —E TH%. BCDE TH I NLzMifE,
FRiitkicay 27 ) — o O FABEICHWONE ZALF —, HEOTAZA VT —E, T
5., 0%,

E,=E +E, (2—5)

B 2—71%, ERISHZ—E, TRISHZ 0 LREL T, #fifLbRiiTz 10 34 2 v L7z5é
DIEETLANX—E 0L TH 2, BEIILF—E 11 ¥4 7 HOEMTRED KX
(Ein), 2 ¥4 2 VHTELLLBEAT 2. DEIRECH D LR S, 5 34 7 BET
—EDIKIEICUNR T 5, I L 23BE T AV F—E, 1F, O ENE O EESL EM & RE o
JEERICHBE I N D TANK —Ep DEICKE L TH Y, 2 LUSMIEE LTI X 28Uk
DUENDOEICHE I N D ANV F —EhuZ DT DICEATHS, 2D,

Ey. = Efric + Ecrac(c) (2—6)

ks, BES 2%, EowePRER Y 27V — bOEHWEICOBBEI e RL T
5., EnDb E.#ZLFIWEGoZ A VF =L, 1 34 7 VHDOIMAITHB T 5 0 VENOE
KEBRICERE SN AL —TH Y, ZNUDPOVENERZANVF —Epuey& 725, D
0,

Ecrac(l) =Ey — Eic 2-=17)

LIECEBLZMES 2M0oE 2 FicKkowcgiEay 7 ) — o D REERE T 3L
F—FEoaeyZ RO 72, LEETHRR7Z X1, Ei 3R LEMMICE TS 34 7 ABET—E
EICINKT 22 b, REBRTIZI0HA2712D5H 6~10 %4 2 VHD E O FHfE%
Ee b L7, 2, ZhXZT oz x -, G- 0T AiRrbEH Lz 4L F -0
fili N/m?) IR RO (m?) 2 C24FHE N-m) CTEHELAZ IGHL_VICX?
EcracyDMHFI DE % B 2 7201, ERICTIIZ EMEEE (FimERRIc X v B o5 n s
HIEMERREE) D 35%, 50%, 65%, 80%D 4 52—k L=, &fav 2 ) — b OFEMEERE
DHEZERL, FHEIANF — I ZEMEECRLZME (=1 Nmm? H72 ) DT F L ¥ —)
IR L TR L 0 7%,
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[ #xzxrx— F
[ |attogFazrLs— £
O+ [ 2vvazrrzx— g

g max B

> £

0D E
M 2—6 HREBEDHYA IIILIZEBITBEHESD— 0T A0 217

/ Ecrac(1)

= Efr/'c+ Ecrac(c))

R LEFDT A ILE

B2-7 BRLEFHESBEIRLF—LDELYT
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JEAfRRR U smralifid, MR s X OFE R BGR o ERICE M L 72, &fEa v 2 )
— b TElhE 4 K (LRSI % 14K) FoHw, M 28 HE 91 HTHlE
U7z, Rl o BET H i, (a0 misim %2 i c s U7z, sk, mieatbats (%
B 1000kN) 27z, B2—-813F, BRL#EM (10 94 21) offETH 5. ik, R
LA i BEHIENIC X 017 o 72, RBRRF O #AHEEE 13, JIS A 108> D HE (0.6 104
N/mm?/sec) 12T 1.0 N/mm?/sec ICZXE L 7=, 3Bk, a4 & S E o Ehm 235
2ICHEN % 2 Lot Ao BT NAE R X S, TIRIG % 0.3 N/mm?/sec & L 7-.

ERIGAY=0" .,/ " ,:35% 50% 65% 80%

N

’
g max

0—’ min
(=0.3 N/mm?/sec)

2—8 R LEHHROHME
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2.4 RERHER

2.4.1 EHEAES S UFEMSRE

Mim28 HE 91 Hicks 28 a v 7 ) — + OEMERE B X OFEHIERE R R 2—4 18
HLZ wWihoMiiticsnwd, BFS a2y 27 ) — FOEMBREIIN 2 v 27U —F e
FEEU L& 7oz, Baayvy 7 ) — b OEMIBESLCR/NI WA, Zild BFS-a DWIKFE D
fhOMEMICH_RKRE B LA~ HE LTEZONS. B, BKELKE EME W
B, av 2V —FOEMEREII/NI S22 ERHILN TS 219 220, 22 BES a2 v 7
U — F OEHEREIL, N2y 27 )= X0 RELS ko, T/, MlimoRBEICHE S A
BRI B L OFHE RO BERIE, Bca vy 7 ) — e Nav 2 ) — AR EARY, Ba 2
VU= FBXUOBbav I —rEENLICHNE Do

B 2—9 ichiin 28 HE 91 Hicks W 2 &2 v 27 ) — b OJEMIG)] — O3 Aillifi %R 5
Hia v 2 ) —F OEMEICHT — O Faliftiz, RAIS Do FkiSEIC, 3 KOfEET
— 2 %YLz K& Y, BRSa Y27 ) — Mg, Rl LXUVDEMICHITEL 20T AN
av 7 ) —b XYM o7k FARRIC, RRISHROOFTHRIE, BFSav 27 ) — 2N
av 2 V—1rX0H/NEL o7 Thbb, BFS 2 v 27 Y — MIEMEZICHNT 2 it
BEW—J, Nav2zU—>t ko biethiakEe 2.

R2—4 ERBRELSSIUVHEMRBOBR

avo)—+k [E#ERE /. (N/mm?) MR E. (KN/mm?)
e 28 H 91 B 28 H 91 B
Ba 66.4 74.8 (13%) 38.7 41.8 (8%)
Bb 70.0 81.4 (16%) 39.2 44.7 (14%)
Bc 79.0 88.9 (13%) 40.0 44.2 (11%)
N 68.1 79.3 (16%) 35.4 40.3 (14%)

O ROTE- - - s
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4BKV. X2000 100pm 0779 1930 SEL )

BE3-5 #iEn180 HICHFHHEE/LZILORERMER (No. 3, No. 4)
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EI3E BRASTHBMZRAVEEILZIILOEET ) VHA ER DEF) (2&£5
aRL1bIxt 9 A%

1000
900 |
800 |
700 |
600 |
500
400
300 |
200 | m
100 |

0 1 1 1 1 1 1
5 15 25 35 45 55 65 75

206 (deg)

E:ThUVYHAEE

®E (counts)

X 3—9 XRD ST D#ER (LBELZIL (REGZL))

1000
900
800
700
600
500
400
300
200
100 |

0 1 1 1 1 1 1
5 15 25 35 45 55 65 75

26 (deg)

E:ThUVHAL

mE (counts)

X 3—10 XRD Z#TDFER (LHELZIL (REHY))
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ERASTHBEMZRAWVEEILZIILOEET M) UHA RERK OEF) I2&£5
aRL1bIxt 9 A%

1000
900 r
800 r
700 r
600 r
500 + E
400
300 r E
200 r
100

E:ThrUYAHAEL

BE (counts)

5 15 25 35 45 55 65 75
26 (deg)

3—11 XRD Z#rD#ER (BFS ELZIL (REHY))

1000
900 t
800 r
700 G
600
500 t
400
300 r
200 t
100 |

E:ThUVHAAL

BE (counts)

5 15 25 35 45 55 65 75
26 (deg)

3—12 XRD 2T D#ER (BFS LR JL+GGBSH0% ({RHEHY))
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£IE BFRASTHBMZRAVETILZILOEEI ) UHA AR DEF) (2&£5
aRL1bIxt 9 A%

3.5 F&o

AEEClE, BFSEA XD DEFEFEICOWTHL T2 2 &% HIWE L7, DEF 2
HESAF N CERLL 72 BFS £ X L@ DEF I X 2 [iRE 8B X RE~DFEE LN, £
SEALEAEE, Hh B X EMREE R FEHE L, & 5 ICHER 180 HICH 1 2 T X LD SEM
B b N XRD 0 217 - 72

(1) RIZ{ts X OEEZICD\WT, DEF EESAT DI E L Z v Tldbi 50 H 3%
WL 70 LFE LIRS A LN, EBILTHER 80 HARE L 72340 2258 B D 2
ICHEAN L 7=, —77, DEF {&iESStE T @ BFS U X2 VL Cli KRR B 0B A&
LD o7z,

(2) HTTRE B X MR IC O W, FHESREToILbE L XV OIgE % I3 5 &,
DEF RS T DIV Z VT BT NOBES /NI o7z, £z, 2 DOEIIME 28
Hicle~#iis 91 H K& e o72. —J, DEF @S T D BFS £V Z v i3l 91
H % Co#ifl c\W 3o b IEESA T ollbE L 20 EREU ETH o 7.

(3) Miin 180 HiCH1F 2 FHEE N XNV DIMHICDOWT, [LfdE L XV Tld DEF fRESEFT
B W TRHE 2 H IR D O Eln e 2RI - b A D HER X 72, —J, BES £ XL
Tl DEF REEEH T TH o> T FitD X ) RAEHOZIR IR I N o 72,

(4) Miin 180 HiCH1F 2 KtEE L X VD NFPERICOWT, [U#bE L X LTld DEF (2#E5:
TETFIC B\ TR 2Pk O Mk s X EMEL O ¥ v v 7R S W2 —T,
BFS £V &% LTl DEF {@HESEM T TH - ThH Eidd & 5 Nk o B 3R s
Do 7=,

(5) Miis 180 Hic ks 1F 2 HfEENL Z LD XRD ST OFERICBAL T, WIhoELZVICE
WTHZ Y U H A FPBRREIEE NI, 2D &b, FEELHT o LIRbE L X L= DEF
fRHESE T D BFS EAL XAV THEALXANFICT b Y v A FPBFEEEL T B T LR
fERE =, La»L, ZNHDEALXATIE DEF IC X 3 HLHERABTEENL 2o 72
Zeh o, DEFICKITT =t Y Y74 + Dg%S BFS /L X LD DEF it 8N 2
ANZRXLLCDOTERE O IRl ARG S ETH 5.

6) LALORER LY, BFS €A X 0 DEFGIEICEN D Z EBHLr LR o72. £z,

EAZALNFICEFEZ ) v A4 P OFELHLT LD DEF DL LR EF &K
FRE IO R W & hRBINT.
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6, 2016
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3-9)  EHHER = MY vAA FOBIEAER (DEF) Kk 3av 7Y —FoH LR, GB
RC 7 —~fi#ai, Vol. 46, No. 1, pp. 40, 2021

3-10) PR, fRMEERE, MLEEE, #EER 22 Y — O DEF I X 3 iR
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2006
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I &% Al FEEIREEDZAL 2K WA TR IC RIF T8 — Al OFEEIRERT + Y v
A P DOZREBICKITTHEOHRE 2D 1—, v AV - a3v s ) — R,
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FA4E SFEASTHEMZRVEEILZILOVUVENBEARMLRE

4.1 #E

WA, av 27 ) — b OFREKRREREIC 2 TR 2 A E 2 F5 72 X 5 &+ 25D
BEFTCiED 5TV 5, ZD—D2IC, 2 v 7 Y —FAHLDVOUEINEZEET 2 B iRl
fif 40 42 490385 5, av 7 Y — b o HCIHEENE, OUEINSHEST 2 A =X Lk
v, THABE (Natural Healing) |, [ HA% (Autonomic Healing) |, [ HENMEME (Activated
Repairing) | IC8HEI N5 (R4—1) “D 49, HARBEE, FlAEEZBI I, av 2
U— bR R EICKIET 5 L TKAYEERL, BRICOVENSERTZ2DDTH
%. BERER, BRAMofiH R EMEEGEE 2Ty, 2 v 2 ) = o0 UEINEAZE X ¢ 3
bOTH D, HEMEHR T, HBINABEEEEZITI 2007 "4 & a7 ) — McHE
LThE, ZOKRBICXY OVEINEZAZEI 2D TH 2.

—75, EIRA T ZHEM (BFS) 13, = v 2V —bho7 s ) BEET O %
T2 L0b, TRICHRT KM% EFESFHT 228 T, 2v 27 ) — o0 UERN
RHAZECEZAREMEAD B L EZLONS. ThiE, ERTRRZ3IODHEHTHI L ZBD
HAGRREITH 5.

ARETIE, BFS #HWwzEAL 2L (BFS B &) O HEVEREERICOWCHRE ¢ %
HHE L7z, 20000 0ENEZEALZENL XL EZXNRICGEKAERZEmL, O00ENn
2> & AV 2l B O RRIREY 72 25 % B L 7. BRI, = 2 A fitEik & S, ke,
FARKERAC A v 2 0 LOKIEWH D 3 ¥ 2 — v THEBA L -

B 2 aE R

BREE BEMEE

[Narural Healing] |[Autonnomic Healing])[Activated Repairing]

4—1 BCABEEMTOSE Y
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4.2 FATHE

Jonkers*® 40 4N5 %, NI TV T REIAATE~A 7ahTerary ) — ok
EHICHVIRE, 2V 27 ) —MICOUEINDSFEA L 72BN 2 7 ) 7 oRGEHEREIC X VR
WALy LEERESEE LT, DUEINEHET 2 X7 42K L 7-.

O L, 774 T vy a (FA) BLXUOEFAZ 7K (GGBS) ZiRM L2 v 7Y
— M O HBERICOWTHRE L7z, 2 Of5E, 20°0COKPEAIC W TN | %2
LTH FAB LU GGBS I X2 HEBEMRELFHiL Tzl tzlE LT 5,

HHS 4923%, FA XU GGBS 2B L7-2 27 ) — + OFAEEEIC X V4L 5 0 UE
NEMNRICLZHAEREC O W THET L2, 2 ofEE, FRclbEimkE 3000 cm¥g FEE O
GGBS (R & L, HE/ N T BB CRIERAE 21T 5 2 & CHIIMRE L chlifE T
22 emEL TS,

JCHEE N S AT IEHRE 1912, FA 3 XU GGBS ZiBMIL7za2v 27 ) —ricowTHEE
EERE % FLEE L 7=, # DH#EHE, GGBS (3 FA 1T~ TRGHEEE2SE W Z &, GGBS DRI
DREVIZEACEBEIRSE N EFEEREL TV,

NS A0iF, BERb I X Y BFS a7 & L7 HORBEMERERY 2 vz Eer 2 vico
WTOUEIND S DRKEDELZ TR, Z DR, cnb 0@ E A VzEL XL
TL—VEALZLLD BIKERRDL, ZOFREKRNELTZ ) Y HA b S Fah—
F v b DERAHCCHBICHS LT A AREERH 2 LG L T 5.

EES A3, KA EZHW7ZEAL XL XU BES A Z VIO W TKEE X UEER]
KL N> T KB D 2 DDOXX—VICX VHEET LI LT, EALZLDVUUE
NHMEIE T 208 5 BT L 72, Z OfER, BIRUKEE(L Ao 0 2oKERP THEE L 728
A, BFS EAZ VKRR ZHWZEALZAL LD S OVEND S DIRAKESBD L, 56
IZBFS & GGBS ZHfH L 7zELZANICEWTR B L2 &2 WMEL T3,

LRI R 72 EITIFZE X U, GGBS ® BFS # Wb b CEAZ LB L Na v 7 ) —}
DOVENMEETEX 3 2 LRI NT WS, FEH S DT % E 2, BFS © HEA
JEEREICBA T 2 3 - A 215 2 7201, AEERCIX BFS O & fEELFLEML T
FEt L7z,
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4.3 EEREE

4.3.1 fERA#MH

AEBRCHH L 72k s X OB EYIEIIR4—1 DY TH B, AV FiTld, BES 2
W7 ¥ry A bayvy s ) =1 (PCa) #EAMEL CTHRIERL 7 v PR X v 2Tz,
HEHMICIZ, JISA5011-14PD XM E T 3 5~03 mm &5 R 7 Z#lEH (BFS-a), 2.5mm
B A 7 78 (BFS-b), 5mm S 2 7 78+ (BFS-c) 3 X LUl & L TR (CS)
EENEFNH T, MEMOREN 2 4—2 1ICRT.

KA4—1 FERAMHELUVEEDME

ok Wk
B@ARILES U REAY B HE : 3.14 g/em’, LERMEFE : 4530 cm¥/g
BES REFZE - 2.72 g/em®, TIKE : 1.80%,
-a
FFEE : 57.3%, HHFIE 323
BFS.b REFE - 2.68 g/em?®, TIKE : 0.61%,
FFEER : 58.3%, HHFIE : 237
BFS REZE - 2.77 glem®, TIKER : 0.55%,
-C
EFEE : 58.1%, FHAIE : 2.58
il REEE - 2.68 glem’, PIKE : 0.75%,
Sivy N o
g EFEE : 55.6%, FHFIE : 2.66
100 - el ——
00 | ST Tl e
oot ST
L 70}
I 60 L
fu'? 50 | AN S BENE (LR
‘Uﬂfﬂﬂ o SN S5 === EHENE (TR
‘,% 30 + —O=—BFS a
i ——BFS_b
20 r —O0—BFS_c
0T =
0 1 1 1 1
0.15 0.3 0.6 1.2 25 5 10

3BV E (mm)

4—2 WMEMDOHRESN
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BFS-a, BFS-b 3 X U8 BFS-c D{LEMPEICBE L T X fp ot 21T - 7-. & 4—2 1T XRF fE5 5
CHEREER T Lo, BEEIL, XRFERCESWTUTORX 4—1) 2B LA, Wi
LD BFS H Ca0 & SiOy Z F ko & T 2L A TH D, TN Z N DHERE (X 1.85~1.98 &

otz B, JISA620649TIE, GGBS DR 1.60 L EEHEIN TV S,

b

_ €a0+Al,03+Mgo

Sio,

(4—1)

TIT, bR, CaO: BRILA N> Y LERROEIG (%), 4bOs: BRILT VI =T L5

HEOEA (%), Mgo:Ht=74 v v aE5HGROEIE (%), Sio,: “ L7 A REHR

DEE (%) TH53.

& 4—2 BFS-a, BFS-b £ & U BFS-c ® XRF FERE L TIEEE

LR (%) BEE
T :
CaO SiO; AL Os MgO ZDfth | Ig. Loss b
BFS-a 45.21 33.83 12.70 4.76 2.99 0.51 1.85
BFS-b 43.56 32.42 14.13 6.08 3.61 0.02 1.97
BFS-c 45.59 32.62 14.23 4.59 2.67 0.03 1.98
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4.3.2 ELZILDEE

KEBRTHRINLEZELZLDEAEE 7Ly v 2B (15 70—, E58) X UL
Fetk (HhBREE, JEMEEEE) 3R4-3 D@0 TH 5. ARFERTI, MEMORL 2548
FD TN ZAMERKRZERLL 72, BFS % H\» 72 PCa B 5 O FEHERL & 41912 HE DWW Tkt X v
FE (W/C) 1% 36%ICRE L7z, AR, EiERE AR FUKAI (SP) & ZE5iEFHeAl % H
W7z, SP ¥, BFS EAXMVICKY ALK VBT —T7 LV R{LEY LTSS LAY OE
Gk (A XA ), CSHHWSEEALZAL (CSELZRNL) ITRY ANLK VB —TALR{LE
Y B £47) #HWT R EFAEANX, BFS £ 2 ICHEH (DF), CS B X LIC%E
SOEATHI (AE) ZHw7e.

K43 FILZILOBRELT LY IS L TELEE

o ERA Bh [E#E
i HEHM | WC | BEE (kgmd) 1547 | ZRE
s . (xC%) SR SR
BE | (%) 70— | (%)
W | C S SP | DF/AE (N/mm?) | (N/mm?)
Ba | BFS-a 1326 | 0.8 1.2 194 3.6 4.4 3.0
Bb | BFS-b 1307 | 0.7 1.4 193 3.6 1.4 5.5
36 | 272 | 755
Bc | BFS-c 1350 | 0.9 1.2 199 3.9 4.0 5.5
CS ) 1307 | 0.8 0.2 212 6.3 4.4 1.5

%DF/AE : 100 EHFETHER

4.3.3 EEEFIE

AREBOEEK 7o —%K 4—=3 IR T. ELZVOIFHE, Eil 200COBREE T/KFHEE
(—KREE) Lz BES Y9ck 3L, 0UEIho 3 SiBEMERE o SR % 17 5 54,
Rtk o B AW 28 HEZMIFE Lk S hTwd, chesEic, RERTH —REE
DEALMMZ 28 HE & L7-. Mifin 28 HOR AT, FEENZNICE T 5 @KEDHIHIE
ZWEGE L, FIHICHTEE S X M@ 2 H0E L2, 2, kGBI H W 2 4t
AIConTiE, Ml 27 HICUIR & 5 KOV CEINZBEA L 72, d@/KE OWIHE % Al
G L =ik, &b, ok, BERKER(L A v o 2RISR IO C AR R BHIA L 7.
Z D, HHENLZ VB L CEMICEAEERZ T, O UEINnD b DK E O FRERFH 72
ZA % T~ 7=,

4.3.4 HEAEDER

HEA T Tziviloglou & “9% 5% i1c, M4—4 DEAL XA ZERL 72, 40 mmx40 mmx160
mm O AT BT oR T RN, @K ORIk %263 28Kl (B
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6 mm) %X 7-. HAKILIE, FIEDMEBEIC T I ATy 78O o —%2FELTCEE, T
&% 24 BB ICHERA D D X b u— %5 &K T & TERL 2. d@kILo Afilic,
fokz v 7 bR E B LB R EET A 0Dy ) avlloY a4 v Y AT,
b O FNEPIKT —7 e R F OB RESERIICK VPAZEL 2. £/, OEINEZEAT S
BRI E ORI 03 SE AT L 72 v X5 ICWTTHI 0 PUISs R 2> & 10 mm OALEIC Y T J #R
(B 1mm) ZAHMAALE (XY EISmm). BE4—1 1%, EEIFR L -k cd
2. vk, HEKRIZER ST X — 2 (AL X VO, HEESMN) Ko 3 REERLL /2.

i - 278 s - 288

v
5t ik e VUER EKRER
ppicren W) kemx Usin gy ks
_|_
ERESTiuted- ‘ BKEER BELE ‘ SRR
el (FEHIE) BAgA
M4—-3 EBROLEKIO—
E7 /4 (®: 1 m)
10 5 |. 310 Y
e [BARA DHOVEN
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5.1 ¥&

R A 7 7 HlE A (BES) O FE X, JISAS5011-15-DiC B\ TLERSY, PIBRRTEEL, K,

MK, Bk E, WMo ZEN, REXSMERENIEINTHE. INLITMAT,
BFS O fWE CEERIEH & Lot H 5. BFS O Kotk iL, HLEBHE ©omH TR, K
JEAEE, BN TEORELZ T 52 Lh b, BiEREENCHEr v Mk > THEDR D
bDLINTWD D, ZDi, HTE, BFS ORI ZERT 2200k L,
& 2 /N BRI % F > 72 3K © o SIS RLE IC X 2 R 7 7 E M o SV E REAT R
ER75iE (%) ] 53 (JSCE-C507-2018) 3 X O [ X VPR A 2 I 7= Biigis e % 1c &
B A 7 7 MlEA O s ERHIERER T (99 ] 59 (JSCE-C 508-2018) 23 FRFEAHINEL L
THIE TN T3, JSCE-C507-2018 (%, BFS DEkEREMAEIEH I 2 itk 2~ 3 2 &
T BFS Ot AV b=} & DORMEICE T B oM % i3 2 35 TH 5. JSCE-C
508-2018 1%, BFS DOHiEIC X 2@ I3 2 #Hi: % FH~ 5 Z & T BFS Ol & o stk
CHSRT 3 B 2 il 23RBS ETH B, b L, BFS O SWVE 2 EHIi4 3 FCoIEEIch
WTH 2D, ~EORBICES ZEEAHIZ A D ITKE W, 5k, BFS O A% ik
KL T 2T, Bt EED RBRTEOUGEZ T, AR L2 X5 2 & 230
ThsHLEZD.

ARE T, JSCE-C507-2018 ¥ X UF JSCE-C508-2018 ikl FikodtE# HiE L C, 22
DY) =X %S L7, vV —X 1 Tl, FictsRic v 3B # S % 24T, BFS Df
B O H S X R A 7 7K (GGBS) i 235 Bks J 1 B 3708 % 5l L 72
) =X 2T, EBREHENE % V> CERBR S 03 B IR 1< R 3R 8 & A L 7.

¥, APFRO BRI DI TAREATH .

5.2 FKATHIR

JIF & 501, JSCE-C 507-2018 3 X UF JSCE-C 508-2018 IC 5T, WL 20 DE&MFEEZ 2
TR ZITV, BRICKITTEELEZL TWw3, JSCE-C507-2018 I \\T, BFS O W&
KT vy VEFHET 2 200ciE, BUTHEE () XY dRVEANME 28 HIE) sl
FEzbhd b, BUTHME () ol 7 34 2 8@t cd 3 2 &, BUTHHE (5
IZHEERR 7S O TR RO 2L &% T BFS OMEZFHIiL Cwa e Ex2bhE T L%
WE LT3, £72, JSCE-C508-2018 IZBWT, WA ZIT 5 A DA Th R WA
L0 HMEMoMREREZ X V(L TE 2 LTV 3,

LT R L 2, BFS © 2 20 W FHliEER 5 ik o SGE IS A = B - R R %
fRo7oic, HEITEICE T 2 EHeRESF0 SBR R IC JT S IC O W TN 7.
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5.3 ERHE

5.3.1 BlRASTMBEHOHERARLEEFEAS VBB ROERANRBRERICREFETZE

()—=X1)

JSCE-C 507-2018 Ti%, #RERICH 2% BFS (3% 5—1 ORI ICTHEE ST 2 X 5 ICHIE &
hTw3, Zhix, F—uay +d BFS #HW725ATH - Th, HERICH BRI A
Hix o786, BFS L2 AV FR_R—X | OEfHEA R Y, JOCHEICHEREC 2L %
EREL7ZbDTHS. —J, JSCE-C508-2018 TIFRIESAICHIE X7 L, REFEMAREE
i L CalBicH W2 Xy IcllEI N Tw 3, ERe2iE 2 ¢, EN S 20 REHEEN» L
BFS %l Y #F4&, JSCE-C 508-2018 3 X U JSCE-C 508-2018 IZ 3> T, BFS D% H35
B RIC RIS TR AT L 72, 25, @A v b BERFEHTIEAZEEL, &
HARLEF 7Y FA Y VERED 50%% GGBS TEMET 5 C & & 2 5~ 0w 2% 5
fliL7-. 7x3%, BFS & DHEZD 7= o =D % Flvs 72 5085 b FEhi L 7.

# 5—1 JSCE-C 507-2018 =&+ % BFS MHIEREDHE 2

A5V DAMBERE BEEnE
‘id %RE (%)
4.75 mm 2.36 mm 0
2.36 mm 1.18 mm 5
1.18 mm 600 um 35
600 um 300 um 40
300 pm 150 pm 20

(1) EAME

KEBRCHH L =R X OREYLEIZR 5—2 Ol ) TH 3. AV ML, 3 8D
UEELEF TV P Ay F2ZEBEALTCH V. GGBS & X v MCET 254, T
ZNBAEICE T 2EEMD SO BE2—T 2 -0 ICHKGE (CaS0s) ZVEFRML . Ml
BHITIZ, TISAS011-157D X4 cE 1T 5 5~03mm ElF 2 7 7 #lEH (BFS-a), 1.2mm &
PR 7 7HEM (BFS-b), 2.5 mm &R 7 Z#lEM (BFS-c), 2.5 mm EifF R 7 75+

(BFS-d), 5mm @EitF 2 7 78 (BFS-e) ¥ X UHEHERD % FH\>72. BFS DN EN AR % K
5—11md. £/, v —X 1 OMBREAF CTIX, PAE (7 2B 27 V) (LEW%
FHG & 35 EERERUKA & F 7z,
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fut
o}

®5—2 FERAMMEIUEEYNHE

M &EMHE
EERILES U FEAD N (3 #A) HE :3.15g/em’, 3.16 g/em?, 3.16 g/em’
GGBS FE 291 g/em®, LERMEFE : 4070 cm¥/g
wmEEIE (CaSOy) ®mKES
BFS REFZE 271 glem®, TRIKE : 1.99%,
-a
EFEE : 58.0%, HME 322
BFS.b REZE : 272 g/em®, RIKE : 1.41%,
EFEE : 63.0%, HME 242
BFS REZE 281 glem®, TRIKE : 0.81%,
-C
EREE : 63.9%, HHE: 2.65
BFS. REZE 274 glem®, TRIKE : 0.66%,
EREE : 60.3%, FHME 232
BFS REZE 278 glem®, TRIKE : 0.38%,
-€
EREE : 60.1%, FHHE 242
P REFE : 2.65 glem®, WIKE : 0.42%,
SOED -
" ERE : 66.7%
100
90 | —o—BFS-a
80 —e—BFS-b
£ 70 || —e—BFSc
b 60
R | | —e—BFS-d
HI[ 50 -
OB —e—BFS-e
i 40 |
o)
w30 f
20
10
0

Zm 0075 015 03 06 12 25 5 10
5% U B ORE U i (mm)

5—1 L)—X1THEALBFS DXHESM
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(2) ELZIILDOEES K VHBREN

HSREE RS X ORI ERBRIC BT 2 ASRIF 22T N ZNR 5-3 BL UK -4 (C
Y. 2N ThoRERICE T, BFS offifH, KOG, GGBS Eit# (0%, 50%)
BRI A—2 b L7z 5, 4 KEDGF 20 BLAGDEAL XA EERLL 72, FHERD % H v
72BeA&iE, GGBS BIE (0%, 50%) #FEER T A—2 & LGt 2lEaTH S,

#®5—3 FEIGMMEABROESENY

GGBS B (g)
£/ B W/B W S
] B
HEM e (%) (g) C GGBS | CaSO, (g)
(%)
0 600 0 0
HY
50 300 289 11
BFS
0 600 0 0
Tl 0.5 300 1350
50 300 289 11
) 0 600 0 0
ZER Tl
50 300 289 11

A : JSCE-C 507-2018 IZH 1T HEEE KM

®5—4 MEREAROES RN

GGBS B (g)
=/ P | wWB w S
3 B
e | RAE (%) (g) C GGBS | CaSO, (g)
(%)
0 800 0 0
HY
50 400 385.3 14.7
BFS
0 800 0 0
Tl 0.3 240 1360
50 400 385.3 14.7
) 0 800 0 0
BEN | L
50 400 385.3 14.7

A : JSCE-C 508-2018 IZH 1T HEEE KM

Be & 2t LAS o 5 B% /7 1%, JSCE-C 507-2018 35 X UF JSCE-C 508-2018 ICHEHLL 7=, >V
— X 1 OWifRERBRICE W TEALZ LD 0] 7 v —fH 150~200 %15 % 72 ® O & ERERUK
AIfEFH & 13 BFS O#NIC X o TR Y, #WEMICNLT1.5~6.0%THo7%. =¥k, 0417
o—& %, JISRSPVCHET 2 7 e —liicsnw, 7o—a—v %5 & EJFZERT
B NEEN 52 2RO Z LT 0 —Th 5. FiHEGEAR S X OB EE R IC B W T
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HIE L7770 —fExk5—5ICE Lo/, BFS OFEMEIC X b iiEEREARBR D 0§17 v — {2
150~200 OHPHZ i 72 T D DABFEL 7245, TN H B L T FMRICRERZ 1T - 7.

EAZLVOMREE, SR I3 EHG, UTFTOFMECTEML 7z, DKELX V2
AL, [K#ET 30 IR, @—FHF 1R, 30 BLARNICHIEM 2 & A, K& T 30 iR L,
BT 30 MO, @—HHEIRE, X YHNOAEFIYNIFL v ST L —FIcELE
NENEDEHRE L, 60 BEE. GOFET 60 BofiHE.

#®5—5 EEMMRHRSIURBEREARICETST70—E (YU—-X1)

BEEH RiER AR S ER B iR E S R
R HIE OGBS 1537 03T SP
V52
] ) EHER
B J0—{& J0—{E& (%)
(%)
0 113%112 105%104 12.5
HY
50 118x118 109%108 12.5
BFS-a
0 156x151 146x144 3.5
HL
50 148x144 153%150 23
0 149x144 126x126 11.0
HY
50 156x151 161x155 6.0
BFS-b
0 188x185 154%152 3.6
HL
50 188%189 198x190 1.7
0 193x187 174%179 3.4
HY
50 192x188 185%176 1.7
BFS-c
0 222x221 150%150 3.4
HL
50 217x212 152x150 1.5
0 136x135 113%107 8.0
HY
50 147x146 153%150 5.0
BFS-d
0 173%173 158%153 3.6
HL
50 177%168 166%159 1.7
0 160x160 126x123 8.5
HY
50 166x160 151x150 4.0
BFS-e
0 202%189 193x182 5.0
HL
50 194%194 170%163 1.7
) 0 235%231 150%150 3.0
ZER HL
50 226%x227 188186 2.0

SP: EEMEEICHT 2EERERKAFIDEE
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(3) EftmAfESAER (JSCE-C 507-2018)

HAG AL AR L, REBRARICEL 2 VN R RS XL Y v B ERAL 2
b (BE5—1) #{FH L, BEREY 4 2 vk 52, BEBER2E$ % 2 &< BFS
D S % G L 7=,

S = EAR A >, B2 1 iEEH 20 3 20 AR AE (40 mmx40 mmx 160 mm)
EFRLIL 7z, B XAV B2 ERICHERED 12 0F & $THiY, HEBRETHVWTZD
Jedtint 5 mm A B REEE ISR 1 KB 0y 15 mIZe %, KicEAL 2 ZRIFO BiG X 0
S5mm B0 B2 X, 1JEHEFEMROUIRZ L, REICRED TS ZHI D EDY,
FHIZFRICE L. A XV OFTER, I 201 2°Ch X MR 80%A o ikFEC 24
+2 IRFMEIEE L 72l L, Milim 7 HE T 20+ 2°CTRFEAEZIT 5 72,

Z Dk, ThZhofEfRErb LAYy Fhy 2—%HwC. T2 5 10 mm
X0 HHEAIED S WA 10E22mm & & 53750k % 7YY L (BE5—2), Ml 14 H
FT20E2°CTRPFEEL 2D D ZHbEA L L 7=,

FALF b Y 7 2ERE, LT Y v LA F AR BKE AT Smass% & L7zd D% H
Wiz, L 2ERORIE, SBEEED 101005 5TH 5.

Rk X O b Y v AR R IESEE O BB I A L CEEER AR I EHE L,
BSEAE 4 ok T A 720 (B5—=2) FEhaL7z. 1 34 718720 16 K] o Bifs T2
B IO 8 K oflfiE TR ORI N TE Y, il TR cERBEENO KM OEE % 18+
2°CC 12 W[ LA R B, Al TA2 CldmmimE 2 20 2°CCiFdE e L, SRR b C o
TiRo 7.

BSR4 7 VL EER ORI ICE T, NMFHBEE 475 mm O5% 2 WICE T 5L
RO AEZR YL, ZoEE%HEL, UToxX (5—1) ZH v CEEERFE %N
E LT

R, =2 x 100 (5—1)

mo
T ZT, Ry Ml 14 H & TKPEAE L Z25BE o BiGRlE 7 3 4 7 v coEBERAFE (%),

my * BASELE 7 A4 2 ARERT 475 mm OBRIR & LR 2 BRADER (g), mo: &
TRl E 2 5 2 2 il ORERE O AFHER (g) TH 5.
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1685 - REE TR 8EFfE : MR TR
30
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10 ¢
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-10 }
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(4) HERRESER (JSCE-C 508-2018)

TRl IRIER R 1L, A 2 AV PIEEGAZREBICRIE L, REFRI ZHET S 2 L T BFS
O L OIS KT 2 WEZFHEi T2 b D TH 3.

T Z MR (050 mmx100 mm) % 1 ECAE24 720 3 AERIL 7. BT T JSCE-
F5065CHEINT VB DR W, EAZXALDOBIRBEHR, 1313 L w2 BicyHy il
PRICEE®, ZOKE#2EHRT S5 [ E, AR S 5E I ARG % ARE C < Il T2
FRPMS R XL, REICEAZALETRIFRO B X 0K Smm &Y 232 X 515k
W, REFHSEEHOIY, EHEZEECH L A0, BE 2022°Cl X U
KR 80%LA E DARAEC 24 £2 IFREIFHE L 726, Wi L, Mih 28 H % < 20E2°CoskHic
THEEL .

HEERIL, 1 DDORERIC I AR TS LI ICAN, H 55 U ¥ 5mass%ICHHEE L 7= FliilE %,
ARERBIR R O AR OB D S 5107 5 X e lL, BERICEALZ (BE5-3). #ifit
B2l 7 Higic s ANE 2, 2&is 2 BICEEAo E T2 31 L CiZT3 X9 I AR, 20
+2°COENT 56 HERE L 7-.

BiEs, R EoEmIoh R TCEAYEY Ay 2 —IC X VI L, YIWHR 208X ¢,
T /) —NT7 R4 VIRREERE L., BOAMICEWTRAKL AR THERLE, ZOERT 5
FHEDEREZ 0.5mm OHEMCTHIEL, 2oz P L CREAMOEREZEH L 2. MR
L2RERERIEIUTORX 6—-2) ZHWTHEBL .

T, yo HRRIC X 2REHES (mm), D HERBAMATO A DOERE (mm), D : 2EIH

FH5-3 MEREABROHABRRES L HEK
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5.3.2 FERFEEICKDEERFOETE (V1)—X2)
Y —=X2 Tl Y =X 1 DFERE D &I, EEGEHEE 10D E 2 /5% FH T JSCE-C 507-
2018 ¥ X X JSCE-C 508-2018 I 5 1) % & fl sl 55 23 il B 1 S 352288 % 37l L 7=,

(1) =EREEE

FEEREHERE & 1k, PBOFEF T 22T, 4 oRFicmxARFEORAEFERICDWT
DHBETH 20 ) it eIl 2 7 TH 5. ARFEETIE, 4K¥ 2/KET
HAS AR X ORI IR E AR A FE L 72, BRI B o CIRERES R IO B A RIE T L
ErxonsWFzihit L, BUTHNE (%) oFBRSEMFZ2KHEE 1 ic, BT L 827 3 5Bt %
IKHEDICERE L 72, MisBRICH I 2R T B L OKHEIZIRLI—6ICRTHEYTHSE., Thopo
KFIcBIL T, BREB 02 FHLEZS—T D Lis ERRICEHN Y 1, ZhZhnoilbiicsny
Tl6 "2 —vOEREZITo7/-. kb, FlEEE U<, BRERAFRE CIIEBEAEE, ik
REABCIHIREEI AW,

£5-6 MHLEETFESEUKE

ste it LB : rE .
- A: MEREORE HY L
EM; B : REABIABEMES (B) 14 28
- C: RBRAERAE Il FIN—
D: BHEBEAO—ZLORE (mm) 10 20
A:0¥T7R—fB 150~200 100~150
E’jﬁf B : HRE/KABRABDEE 7 BHE 14 B#E
;; C : BBKIE R & R DAL 8.5 22
D: REKBIBRDRE (%) 5 10
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FO5E BFEAZITHEMOREFMERER () OANICAT-RBRAEORE
#=5—7 LeEXX
1|2 3 4 5 6 718 9 10 11 12 13 [ 14 | 15
No. R, Vs
A| B| AxB | C| AxC BxC D| AxD BxD CxD
1 1|1 1 1 1 1 111 1 1 1 1 1 1 1 79.6 3.5
2 1|1 1 1 1 1 112 2 2 2 2 2 2 2 89.8 7.0
3 1|1 1 2 2 2 211 1 1 1 2 2 2 2 774 | 23
4 111 1 2 2 2 212 2 2 2 1 1 1 1 96.1 59
5 1]2 2 1 1 2 211 1 2 2 1 1 2 2 96.7 | 2.5
6 1]2 2 1 1 2 212 2 1 1 2 2 1 1 99.5 6.3
7 1]2 2 2 2 1 1|1 1 2 2 2 2 1 1 89.7 1.9
8 12 2 2 2 1 1|2 2 1 1 1 1 2 2 96.0 3.5
9 211 2 1 2 1 211 2 1 2 1 2 1 2 76.7 2.8
10 (2] 1 2 1 2 1 212 1 2 1 2 1 2 1 90.7 7.3
1 [ 2]1 2 2 1 2 1|1 2 1 2 2 1 2 1 69.5 2.4
12 | 2]1 2 2 1 2 1|2 1 2 1 1 2 1 2 91.0 5.5
13 [2]2 1 1 2 2 1|1 2 2 1 1 2 2 1 79.4 3.1
14 (2|2 1 1 2 2 1|2 1 1 2 2 1 1 2 96.3 7.0
15 [ 2]2 1 2 1 1 211 2 2 1 2 1 1 2 83.0 1.9
16 (2|2 1 2 1 1 212 1 1 2 1 2 2 1 90.6 34
Ry BERHFEER (%), y,: BRFES (mm)
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B5E BFASTHEMOREMEAR () odAtkicmF=RHERALDHE

o}

a) CRFERAREER

HE R EER I 35 T JSCE-C 5072018 2> Sl L 72z (KIFi%, A : KEFHAEOHHE, B:
AERBR R, C : BUBRRFRTE, D Eh —UoREITHh 5. WTFAILONT, &
W B EIic, vV =X 1 X0 HAEREAERIC 3T 2 BFS ORI 2 5B R B %
KIETZEDHL L IR0z, TRERALE. BFBIC2WT, JIIF L SOOI
RERE 2, BRI (R) oMl 14 HiTh 2 THl 28 HiEE L7z 7 — 222w TR L
7o, WFCieBIL <, BUTHME (%) <iEBRA % 40 mm>x40 mmx160 mm D FA K
LbAAXYEY P Ay 2=k WUV TR ONTWD, gL, KERTIE,
L2UOFIEDHARXICR D LI KK bz 7 =8RG (BE 5—4) iCEALZ A%
L, WeIcH Y ek owT b RET L7, Ak, AEdEE» 500 B4 5%
W37 —2ICEWT, VINTIEEEBREGRE R 22200 53, GBRRME 7 HETICFEM L 7-.
T DIZowT, BTHEE () <id, BBRA 12472 02 10mm ORERA % 5~7 i %
IIORHMEINT WD, REBRTIZ, 82820 mm OEERH Z W25k e LT 2 720
12, 1 2DREMRICH 2B 0%, 10mmiconTiE8fE L, 20mm ic2 Tt 1
il & L7,

BE b—4 FN\—HEZ
(E:—3310 mm OFEREBRFERIZFER, T : —3320 mm OFEBRFERIZFER)
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B5E BFASTHEMOREMEAR () odAtkicmF=RHERALDHE

b) MRELZEMER

TR & R 1< 351> T JSCE C 508-2018 2> i L 7[R 1%, A: 04T 7 v —fH, B: ik
KRN DML, C : BBAKER & SR RIE, D @ MBEKERORETH 2. HF
AICBEL T, BTHHE (R) TREALZAD 0] 7 0 —flIZ, 150~200 OHIFHICKR S X 9
ICEMEREUK A Z RN 2 2 L BSHE I N TV 5. AEEBRTIE, MR EEDS A L 72 WP
T, 0417 v —fHA 150~200 5 L X 100~150 £ 725 X HICEAL XL EERL, FEFl%
FEhiL7. £/, W BICBIL T, BUTHEE (%) CTEAMIEICRET 26K, 1 Kotk
% 1 DORFRICILT D X I An, SEREAROHEAKEED 5 FL LoFmEZ AT
DITEMBRIE I N T3, RERRCIE, BUTHE (50 1city, EBICEES—-3 TRl X
1T 1 DORFRICHEAEE 1 RKAN, PR REATRER ICIRIE L T\ 5 1K68 (KA
AR DO RMELL 1 8.5) ZKHEL L L7, ZhicL <, BEL—5 D | DORFGICHEAE
# 3 KA, B LHEAHIERICHEE L T 2 0K08 (BRER/KIATE & ik o (AL : 2.2)
ZKHED & L7z,

FE5S—5 MEREAROHBRESR L MENK OKE2D5E)

114



RS THEMORETMHAR () OBNEICATHRAZORE

"
ok
ot

(2) fERAME

AREBCHHL 2k Es X OSFEYIEIIRS—8 D) TH B, U —X 1 LFEERIC, &
AV ML, 3H#HOEEAL N7 v KAy P EFEERAL CHW., MiGHMicix, JISA
5011-PPD X HF 2 2.5mm mfH R 7 ZllEM (REZFE 1 2.68 g/em?, WK 1 0.61%,
FREEK 1 58.2%, HAEK :237) ZH\/z. BFS DRES R 5—3 ICRd. ¥ —X2D
WREIRIE IR Tl R ) AR VBT — T A RMEEW % TG & 3 2 EPERERUKH %2 v 72,

®5—8 FEAMMEIUEEDNH

M ik
EERILESY FEAD N (3 #IA) EE : 3.15g/em’, 3.16 g/em®, 3.16 g/em®
S REFE : 2.68 gcm®, RIKE : 0.61%,
BF
EIEE : 58.2%, FMME 237
100 . *
9 |
~ 80|
X
{;'1[ 70 |
& L
o 60
I 50 |
i
@ 40 |
M)
ol
20 |
10 |
0 1 1 1 1 1 1 1
015 03 0.6 1.2 2.5 5 10

335 W B OO R (mm)

5—3 LY—X2THEAL-BFS DHESM

Q) HEAE

SRR B X OTRERERERIC B L <, i L 2" cBb 2 507 ELS L, 2h
Z 3 JSCE-C 507-2018 3 X 1N JSCE-C 508-2018 ICHEHLL 72. + Y — X 2 DR ERERIC B
5 EERERUK A E B, 0477 v —1{HAS 150~200 D& &€ XAV FEED 1.6%, 0417
o —fE2 100~150 D & &t XA v FEED 1.2%Th - 7=, HAGEERA B X OTREEIRE R
CBWCHE L7 —fixRO—9ICE L DT,
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®5-9 FEHMEARSIURBZESRRICETSI70—E (V)—-X2)

B AR R ER iR iEA AR
No. SP
15477 0—fE 0¥T7O0—1E

(%)

1 130x131 166x163 1.5
2 127x127 167x158 1.6
3 127x127 157x160 1.6
4 145x144 156x154 1.6
5 124x124 176x173 1.6
6 129x130 172x161 1.6
7 133x132 159x151 1.6
8 126x129 159%156 1.8
9 163x162 117x113 12
10 161x159 125%122 12
11 160x158 121x120 12
12 160x161 116x115 12
13 164x167 133x131 12
14 164x165 123%120 12
15 169x169 121x122 12
16 169x168 122x123 12

SP: HEMEEICHT MR KFIDEE
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B5E BFASTHEMOREMEAR () odAtkicmF=RHERALDHE

5.4 HER#ER
541 >1—X1

(1) EEREHROBR

SR A AEEABR DAL IR &2 B 5 —4 1R 3. M REIC GGBS R, b ik L FH % o A i,
Meqh i E B REZ & o T 5,

AEERCHEH L7 BFS 13, REHEL{iC Lic X WV EERERSKE A 3EAICH
52 0bh b, JEA D BFS OHKIED 2.32~322 Thol-Dickt L, KEFHEEHT
& CHIKIRD 255 Leot. 2o X5iC, MRDOEELL L holl it X3 IGHED
[ E2ERE LCEZON 3. KR BFS-a ICBWTWESESKZ VDS, i3Ik
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B | (%) W LSP
(%) CEMI | CEM III/B | ¥#) | BFS SP | AE/DF
No. 1 R 269 | 770 - 1154 - - 1.0 0.06
No. 2 0 273 | 779 - - 1169 | - 1.2 0.01
BFS
No. 3 269 - 768 - 1154 | - 0.7 0.01
No. 4 R 269 | 770 - 1038 - 122 | 13 0.15
No. 5 35 10 273 | 779 - - 1053 | 117 | 1.3 0.01
BFS
No. 6 269 - 768 - 1038 | 117 | 0.9 0.01
No. 7 TR 269 | 770 - 981 - 180 | 1.4 0.12
No. 8 15 273 | 779 - - 994 | 178 | 1.4 0.01
BFS
No. 9 269 - 768 - 982 | 175 | 1.0 0.01
No.10 | HE® 303 | 605 - 1208 - - 0.5 0.04
No. 11 0 307 | 610 - - 1222 | - 1.0 0.01
BFS
No. 12 303 - 605 - 1210 | - 0.5 0.01
No.13 | E® 303 | 605 - 1086 - 128 | 0.8 0.05
No. 14 50 10 307 | 610 - - 1102 | 122 | 1.0 0.01
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No. 15 303 - 605 - 1090 | 122 | 05 0.01
No.16 | IR 303 | 605 - 1026 - 188 | 0.9 0.05
No. 17 15 307 | 610 - - 1040 | 185 | 0.9 0.01
BFS
No. 18 303 - 605 - 1030 | 182 | 0.9 0.01
£6—3 FBHEEILZILDORE
[iy=) =0 iy e
No. 1 SS-L0-N35 No. 10 SS-L0-N50
No. 2 BS-L0-N35 No. 11 BS-L0-N50
No. 3 BS-L0-G35 No. 12 BS-L0-G50
No. 4 SS-LL10-N35 No. 13 SS-L10-N50
No. 5 BS-L10-N35 No. 14 BS-L10-N50
No. 6 BS-L10-G35 No. 15 BS-L10-G50
No. 7 SS-L15-N35 No. 16 SS-L15-N50
No. 8 BS-L15-N35 No. 17 BS-L15-N50
No. 9 BS-L15-G35 No. 18 BS-L15-G50
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TV —=T 4 VIRBDOHEEDD Scm OfiE (ELVZNVOET 1 152.5mm) ¥ Taid . £
NEND FREELEL, 7Y =T 4 v IREE KT RGATICEHE L 72, B ider 20
DLERDDTY =T 4 VIKBEFKLERNXIIC, TV =T 4 v 7KERNT 2 L &L
BRMOBHITS 2 77 RF v 7 74 NLICEVE -T2, EALXAALDLHICEEEZ 7Y —F
4 v 7KE, IO 1IREIE 10 201, 2 LA 30 oic ey b & W CERILL 72.
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ZZT, Bg: 7V =74 vZ7& (em¥em?), V:wEREECTREILAET ) —T4 v 27X b
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6.3.6 BHITH & VEMBREER

13 3 X OEHEREE B 13, DIN EN 196-162D1C HE#L L C 20 L 7=, a2 12, 40 mm»40
mmx160 mm O fAEZ W72, &EEALZ LB CHEEE 3 AT oM, M2 H, 7
H¥ X 28 HTHIE L 2. A1, Fi€ oMt cEiR 20CoBRE I TKhEE L 7.

6.3.7 BCUUEEER

LM IR IS 2020 21D & A v FIKFIRIGIC BT 5 LSP Dg#Ein i~ 2720 IcHE
Wi 2 E L 7. ACIGEOHIEICIE, BE 6—2 0XEEZH 72, 40 mmx60 mmx250
mm OB EA XN ZFLIAR, % ORFE2 5 24 Kl IC B 2 =1 2 00 [ CIGER
ZEHIL 72,

6.3.8 MRERIREMRER

BFS & )V 2 v OGN I K IT 3 LSP DFEE % 3~ 2 72 o ICWilgiR g a5k % Fhti L 7-.
AL, FREE L X I E5 0T 40 mmx40 mmx 160 mm O fAfE% 3 A OH W, M 28 H
¥ CEIR 20°COBREICTOKPEE L2, 20K, BE 6—3 @ X 5 ICiE A2 il /KIER O
A2727 7 AF v 7 BORGRE LB AT, WMEBKEROIRE T 10%E L, bEE=EHE
X250 HRE & L7z, 7nds, BRERIRIER 28 H ORERICHT L WIS /KIATR & 23HA L 72, BRlEIRIE
s oA EE % 1 EBICHIE L, %72, iAo oB L 2BIR L 7-. &
ENLZLVDOEELAKIILULTORX (6—2) ZHWTEHL 7.

me—mg

Am, = x 100 (6—2)

mo

TZT, Am: WEERIRER  Hick T 2 GO EBLME (%), m : WikRER Hicks
J o RO ER (g), mo: MBKRIARNICH T 2 kO EE (g) TH 5.
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ZEWL 2\ — &, CEM I %f\»7= BFS £ 2 L3 X N CEM III/B % f\»7= BFS E L X
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LSP E#E 10%D 7 —ATT Y =T 4 VIV PRI N o7 &b, LSP EHHE 15%
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—T 4 v 7iEAhv, BE6—4 TRLZXIIC, WIC=50%D LSP % &L 7e\»7 — R T
IZ BFS X VICE L WHEIEER AL, @Rl 7 ) —7 4 v 7 z5 &R LT
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CEM I Zf\»7= BFS £ Z L5 X 0SS A ZADHNITHEE S X NEHEREICE LT, #
BRIC 2 b &4, LSP OFE#RIC X 2 EEHE IR S Wi o7/, L2 L, CEMIIIB %H
W7z BFS X VO RIEEE 5 X CHEAMETRE IC BT, M 28 HT LSP OE#IC X 250
FERED TR X Az, S, BT 2ol a T b X Hic, LSP & CEMIII/B i
HEND GGBS DHAFICE 2R THELEZ LN,

W/C=50%D 56, WIC=35%D5H L FERRIC, W noMinics\»Td LSP ZiEH L &«
W7 —ZTld CEM 1 Z 72 BFS £ Z LD i8E 3 X EMEIRE A CEM 1 %2 w7
SSEAZNED /NS BN L o7z, £z, [H7r—AD CEMI/B % f\»7z BFS £
V2O INTIEE B X EMERE X, CEM 1 %7z BFS £ X LB XSS £ X LIC
exchiin 7 HECTHO IS K o723, Ml 28 Hic7e % & CEM 1 % H\»7z BFS £
NEANEDHRKEL RoT. —JF, WIC=35%DEE L 3R Y, CEMI % f\»/z BFS £L
2B XSS L ZNVICE T, LSP DEMIC X 2 EENTER I ND F — AR AL
7-. %72, CEM III/B % 7= BES & Z L Dl S X OEMEIRE <3 \»T, Ml 28
HTd® > Td LSP DEHRIC X 2 MEHEHE IR S i h o 7.

TN DRERDP S, Ke AV Mot A Y FHBHICX > TBFS EAL X LOMER28 HE T
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